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Introduction and Background
LON-CAPA 1 (Learning ONline -Computer Assisted Personalized Approach) is web-based nonproprietary course management software that has features comparable to those of wellknown proprietary software packages such as Sakai 2 or Blackboard 3 , but with additional capabilities in the form of sophisticated testing and assessment components to support asynchronous learning. Asynchronous learning 4 allows the student to work independently without synchronizing his/her schedule with those of other people or events. LON-CAPA Page 26.37.2
integrates testing and assessment features designed to provide individualized HW assignments, quizzes, and examinations for each student. Distribution of the open-source LON-CAPA software is free through Michigan State University under a GNU license 1 .
LON-CAPA is designed to run on the LINUX operating system. Coding of problems is accomplished using Perl, a powerful open-source interpreted language native to LINUX and UNIX operating systems. LON-CAPA is flexible; it can be used to create problems or questions that emphasize quantitative solutions and/or conceptual understanding. Coding of a variety of problems is possible and can include numerical, symbolic, logical, graphical, matching, multiple choice, and essay features. Problem statements can incorporate links to other resources even with animations that illustrate motion and other changes over time.
Components of the problems such as values for parameters and the set of parameters itself can be randomly assigned by the computer. Students are given immediate instructor-programmed but computer-generated feedback to their responses.
Kashy et al. 5 considered the effects of using CAPA, the non-web-based predecessor of LON-CAPA, for HW problem delivery in large introductory physics classes. They investigated a number of factors including student gender, grade point average (GPA), and ACT scores. They found that the "technology can have a profound impact on learning if it is used in a way that capitalizes on its unique ability to "interact" with students, provide them with immediate feedback, and facilitate interactions among students and between students and teaching staff." They did not have a way to make direct comparisons with conventional hand-graded HW, however.
Pascarella 6 looked at learning styles of students in large introductory physics classes and how those learning styles and associated solution strategies for HW problems were related to HW problem format. Two HW problem delivery formats were examined: traditional hand-graded HW and online HW with CAPA. To encourage deeper learning for all learning styles, a relatively small limited number of attempts for the online HW was advised to prevent students from attempting to solve the problems by trial and error. Because the work was focused on exploring learning styles and problem solution strategies as they related to HW delivery mechanism, Pascarella 6 did not look at direct measures of learning for conventional hand-graded HW versus LON-CAPA.
Balascio
7 examined problems associated with conventional HW assignments. In the years before LON-CAPA was adopted, the author in his courses would typically assign four to six HW problems per week that were not graded. Students were informed, however, that some HW problems would appear on upcoming exams. To provide immediate feedback, students were given the problem answers but were required to show detailed solutions so the instructor could gage student understanding. As part of each exam, students were required to hand in several preworked HW problems for the topics covered on the exam that would amount to approximately 30% of the exam grade. Repeatedly, unwanted outcomes from this policy were observed that instigated a search for a more effective way to have students work actively with the course material:
• Students would put off doing the HW problems until immediately before the exams and, hence, did not get the benefit of working with the material in a timely manner right before the related ideas and principles were to be applied as a springboard to more advanced concepts. Page 26.37.3
• Students would get hung up on small misunderstandings or misperceptions while working on problems by themselves and simply give up. Many would not bother to seek help from the instructor even with constant encouragement to do so.
• Students would collaborate on solving the problems, which in itself is not bad; but typical student behavior would short-circuit the intended learning process. When collaboration degenerates into simply giving one another the solution, the person who receives the information derives no benefit; and both people are violating standards of academic honesty.
• Since students knew the answers to the assigned HW problems, they became adept at "reverse engineering" the solutions. While reverse engineering requires some ingenuity, it bypasses the learning the student is intended to derive from working the problems the "right way." • A surprising number of students were willing to "take their chances" by doing only some of the assigned problems or just the easier ones. They were willing to gamble that either the problems they skipped would not be on the exam; or if the skipped problems did appear on the exam, they would be able to muddle their way through during exam administration.
• Because the less motivated students had not actively worked with the technical material for a sufficient amount of time, they were unprepared to work new exam problems similar to the HW.
Use of LON-CAPA was initiated for the author's courses in the Department of Bioresources Engineering at the University of Delaware in fall 2002 with support from a grant awarded by the university's Center for Teaching Effectiveness. Online problems were first developed for introductory and intermediate-level surveying courses. Surveying was chosen for the first implementation of LON-CAPA because the problems were relatively easy to code. Subsequently, problems were also developed for topics in hydraulics and hydrology for use in a stormwater management course. Hydraulics problems in particular frequently require use of subroutines and iteration to solve for quantities such as normal and critical depths in openchannels and to calculate water surface profiles.
Problems were added in 2008 for a soil mechanics course first taught in 2006. Soil mechanics problems for some of the material in that course were never converted to online delivery because of the programing complexity involved in coding the empirical graphical solutions required for some topics. Unlike in years prior to the use of LON-CAPA, these HW problems were collected for hand grading. In spring of 2014, the author taught another new course, Site Engineering, in which a mix of hand-graded HW and LON-CAPA HW was utilized. Examination of conventionally delivered HW and LON-CAPA HW problems in the soil mechanics and site engineering courses allowed for some comparisons of the characteristics of both methods. Figure 1 is the student view of a LON-CAPA problem that integrates graphical content within the problem statement. Note that every student would have somewhat different numbers and graphics. In this instance, a numerical solution is submitted, and the computer would grade the problem correct or incorrect based on the submitted answer falling within an error bound set by the problem's author. For example, the coefficient of uniformity in Figure 1 , the value of which is approximately 7.29, would be graded correct for any entry between 6.93 and 7.65, an error bound of + 5%.
To address the concerns of Pascarella 6 about students attempting trial and error solutions, students are initially allotted a maximum of five attempts to get the problems correct. If a Page 26.37.4 student exhausts the quota of five tries for a particular problem, the problem can be reset. Before problems are reset, the students are required to communicate with the instructor (or a teaching assistant) about the approaches they are using to solve the problems so they can discover what they might be doing wrong. There is no penalty associated with the number of tries a student uses to solve the problems, thus giving the student an incentive to continue working on the problems until they are correct. Balascio 7 examined use of the LON-CAPA system for delivery of hydraulics and hydrology content in a problem-based learning (PBL) format -an approach that was gradually adapted for use in all the courses considered in this paper. Balascio 7 discussed the pedagogical considerations involved in the design and programming of the LON-CAPA problems and identified benefits from using LON-CAPA coupled with PBL methodology that included:
• Students have unique numbers for their problems. Cheating is difficult. Students can be encouraged to discuss with one another the concepts required to solve the problems but cannot simply give one another the answers.
• The system provides immediate feedback by indicating whether submitted answers are correct or incorrect. Immediate feedback is not possible with hand-graded assignments unless answers are posted beforehand. With posted answers, the danger is that students become adept at "reverse engineering" the solutions without really understanding how they should be obtained.
• Computer grading makes mastery based learning feasible by not requiring significant instructor grading time. Multiple attempts encourage perseverance so that students will work on the problems and remain engaged in active learning until the solutions are obtained; whereas with conventional hand-graded assignments, students may simply give up or be unaware they are doing problems incorrectly until graded problems are returned.
• Increased student/instructor interaction allows the instructor to "coach" students with appropriate assistance. Students spend less time in unproductive (and frustrating) confusion. LON-CAPA gives the instructor the ability to check values of intermediate calculations required to arrive at the solutions of each student's problems. This feature makes it possible quickly to identify the points with which the student is experiencing difficulty. Misconceptions and gaps in knowledge can be readily addressed.
• Collaborative learning is encouraged. Since all students have somewhat different problems, they can discuss amongst themselves the approaches to solving the problems but can't give each other the answers. Such mutual learning interaction between students is beneficial because students will either be required to articulate their knowledge of a subject in ways that another student can understand or will profit from getting an alternative perspective from a peer on how to approach a problem.
For the courses in question, the HW problem sets have typically counted for around 25% of the course grade. All courses include a laboratory component that counts for about 25% of the course grade, while three exams count for the remaining 50%. Since the LON-CAPA HW problems are mastery based and students can get assistance from the instructor, students can realistically expect to get full credit for all the LON-CAPA problems if they persevere and complete the problems by their deadlines. With the problems counting as a quarter of the course grade, student should have ample motivation to do so. Unfortunately, not all are so inclined. Historically, there has been much variation in student percentages of HW problem completion with some students completing all problems while others do few if any. The majority of students fall somewhere between with average completion rates in the neighborhood of 80%.
The LON-CAPA HW system has now been used in the author's courses for over twelve years. The author has written and published over 200 LON-CAPA HW problems in subjects ranging from surveying, to hydraulics and hydrology, site engineering, and soil mechanics that are Page 26.37.6
available to all authors on the LON-CAPA system. While there is not an opportunity to compare student performance results in a controlled experiment between conventional methods and those obtained from LON-CAPA within a PBL framework, we can examine relationships between student performance on HW assignments and other indicators of achievement in a course. The indicator of achievement we will study will be exam scores. The conventional HW problems in use before (or in lieu of) LON-CAPA and the LON-CAPA problems have always been similar to many of the questions that might appear on the author's exams, so it would be expected that there would be a positive relationship between performance on the HW problems and exam scores.
Objective
The objective of this paper is to scrutinize the relationships that exist between student exam scores and student performance on HW problems in the courses taught by the author.
Comparisons between online and conventional hand-graded HW assignments are examined.
Methods
Exam and HW data for six different courses taught since fall 2002 were compiled. The student numbers totaled 521 enrolled in 36 classes over a more than 12-year period. For a variety of reasons, the Department of Bioresources Engineering and the ET program were phased out by spring of 2013. The author now has a home department of Plant and Soil Sciences with a joint appointment in the Department of Civil and Environmental Engineering, which accounts for the loss or revision of some courses and the pick-up of a new course, PLSC 331. As indicated in Table 1 , the author's classes have often served a variety of majors within each class. Various mixtures of agriculture, engineering technology, and engineering students have been typical. For the data analysis performed in this study, no attempt has been made to organize HW and exam data into separate blocks; all student data were aggregated together.
For the first offering of EGTE 104 in fall of 2002, only the mid-term exam was included in the data set because a security breach was experienced that put the LON-CAPA system out of service just after the mid-term exam was administered. Improved security measures have prevented additional problems. Development of new problem resources puts considerable demands on instructor time. During the initial implementation period for the surveying courses and BREG 321, the author's time was allocated for LON-CAPA resource development. Once the project was underway, all conventional homework problems in those courses were converted to online delivery through LON-CAPA. For BREG 321, the LON-CAPA problem sets were only employed for material on the first two exams, so those were the only exam scores used. During the last third of the class, students were assigned to several teams for group work on a multi-part stormwater management design project. The final exam for the course focused on the design process.
PLSC 331 was taught just once in spring 2014. A mixture of conventional hand-graded HW and web-based LON-CAPA HW was assigned throughout the course, so it was not possible to isolate exam scores associated exclusively with either method of HW delivery. The LON-CAPA problems constituted 188 out of a total of 433 HW points or about 43% of the HW problems assigned in the course. The small sample size (8 students) rendered the results less reliable. Table 2 summarizes the HW and exam data for these courses. As noted earlier, a broad mix of student majors were typically present in some of these classes. No attempt was made to separate out any effects of student major.
Results and Discussion
Inspection of the data in Table 2 suggest that there may be differences among the courses with respect to HW and exam statistics. To help define the statistical model or models to be used for data analysis, the first question investigated was whether a single statistical model might be sufficient to describe the data. Since PLSC 331 involved a mix of LON-CAPA and conventional HW for all exams that could not be segregated, the data for that course were omitted from this analysis. It was not assumed that the same model parameter values could describe the relationship for conventional HW as for LON-CAPA HW. A simple linear regression model was examined for the remaining five courses:
Where, i = course index, i = 1,…,5 j = student index for course, j = 1,…,ni ni = number of students in i th course. Yij = exam score for j th student in course i. Xij = HW percent for j th student in course i. ai = intercept for course i bi = slope for course i εij = error term ~ normally distributed with mean zero and variance 2 for course i.
To test whether one regression line can be used for all courses, the following null hypothesis is posed 8 (pg 212):
• H: ηij = a + bXij • A: ηij = ai + biXij i = 1,…,5; j = 1,…,ni
The first condition that must be met for a single regression line to be appropriate is homoscedasticity or equivalence of variance among the seven courses. Bartlett's test for homogeneity of variance was used 8 (pg 212). Table 3 provides data for the six courses needed to perform Bartlett's test for the null hypothesis:
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With a pooled estimate of variance equal to 141.65, a χ 2 value of 63.89 is calculated which is considerably greater than the critical value, 9.49, for α = 0.05 and (5-1) = 4 degrees of freedom. Therefore, the null hypothesis is rejected; there is at least one course variance that differs. In fact, for pairwise comparisons amongst the five courses using either Bartlett's test or the Ftest 8 (pg 126), only two pairs of courses were found to have equivalent variances for α = 0.05: 1) EGTE 104  BREG 223 and 2) EGTE 104  BREG 312. With the bulk of courses having unequal variances, the data were not pooled and subsequent analyses were done on a course-bycourse basis.
Simple linear regression was used to examine the relationships between LON-CAPA HW performance and exam scores for the five courses shown in Table 3 plus PLSC 331. Table 4 summarizes the regression results. For BREG 312 and PLSC 331, it was possible to examine the relationships between conventional hand-graded HW assignments and exam scores. Conventional HW percentages could be aligned with specific exam grades for BREG 312, but LON-CAPA and conventional HW assignments were mixed for all exams in PLSC 331. Thus, the data in Table 4 for PLSC 331 are just for exam scores vs. LON-CAPA HW percentages even though conventional HW assignments would have been used to cover some of the material on each exam. Page 26.37.10 In general, the data for all courses were highly variable. Inspection of Table 4 indicates that the linear relationships between exam scores and LON-CAPA HW were significant at the 5% level for all courses except BREG 223 and PLSC 331. The intercepts for both BREG 223 and PLSC 331 were significant, however. For conventional hand-graded HW, Table 5 indicates that a significant linear relationship exists only for BREG 312. Given the small sample size for PLSC 331, the analysis may be unreliable, however. Additional years of data may help clarify. Bartlett's test 8 (pg. 212) was used to determine that the BREG 312 variances for the 100% conventional HW data set and the 60% LON-CAPA, 40% conventional HW data set used to obtain the results in Table 6 were statistically equivalent at the α = 0.05 level (p = 0.39). More detailed examination using the methods in Ostle and Mensing 8 (pg. 210) revealed that the regression models shown in Table 6 were statistically different for α = 0.05 (p = 0.001). Further investigation (after Ostle and Mensing, pg. 213) 8 showed that the slopes were different at the α = 0.05 level (p = 0.006). A single-sided t-test 8 (pg. 118) was used to test the null hypothesis:
• H: The regression constant in the BREG 312 regression model for exam scores vs. the mix of conventional and LON-CAPA HW% is less than or equal to the regression constant for the model of exam scores vs. conventional HW%.
• A: The regression constant in the BREG 312 regression model for exam scores vs. the mix of conventional and LON-CAPA HW% is greater than the regression constant for the model of exam scores vs. conventional HW%.
With 54 degrees of freedom, the null hypothesis was rejected for α = 0.05 (p = 0.0378). Thus, the regression constant, 43.80, for exam scores vs. a mix of conventional HW% and LON-CAPA HW% is greater than the regression constant, 39.07, for exam scores vs. conventional HW%.
The conversion of 60% of homework assignments to web-based LON-CAPA HW assignments has a significant effect on the relationship between HW performance and exam scores. Page 26.37.13
Though the data for PLSC 331 shown in Tables 4 and 5 do not show the linear regression models are significant for α = 0.05, they would be significant at α = 0.10, which is not a terribly weaker level. In addition, the results for PLSC 331 shown in Tables 4 and 5 are consistent with the results obtained for BREG 312. Table 4 shows results of regressing exam scores vs. LON-CAPA HW% with no conventional data included. Since a mix of about 57% conventional and 43% LON-CAPA assignments were used throughout the semester, the LON-CAPA assignments covered less than half of the material.
Data for PLSC 331 in Table 5 include only conventional HW assignments, while those for PLSC 331* in Table 5 combine the two types of HW into a single overall percentage. The combined HW data yield the best regression model, most likely because the combined HW scores are more indicative of a student's overall preparation for the exams since all subjects on the exams are covered.
Interestingly, when multiple linear regression was used to analyze PLSC 331 exam scores regressed against the two independent variables, conventional HW% and LON-CAPA HW%, all parameters in the model were highly insignificant. Table 7 lists those results. How might these data be reasonably interpreted? Balascio et al. 9 looked at self-reported out-ofclass time devoted to various course activities and how it related to a student's final course grade for several ET courses. Out-of-class activities were broadly categorized as: 1. Completion of Graded Assignments, 2. Review of Class Notes and Reading Assignments, and 3. Study Time for Tests and Quizzes. Completion of graded assignments was the activity on which the majority of out-of-class time was most typically spent -up to 75% in some cases 9 . The data were gathered for six different courses over 17 course-semesters for a total of 186 students. A second-order function of out-of-class time was found to be a statistically significant predictor of ultimate course grade (p < 0.01), but the predictive value was weak with an R 2 value less than 0.07 9 . They also considered the relationship between a student's GPA and final course grade. GPA turned out to be a far stronger predictor of final course grade (p < 0.0001, R 2 = 0.348) than outof-class time spent on course-related activities -to the extent that any parameter based on time spent on the course was insignificant whenever GPA was included as an independent variable 9 .
While we must be aware that correlation is not causation, there are obviously strong significant relationships for all courses except BREG 223 and PLSC 331 between the exam and HW data examined here. Table 2 were found to be statistically different, however. Specifically, a one-sided t-test confirmed that LON-CAPA HW% average was higher than the conventional HW% average for α = 0.05 (p = 0.0011).
Recall that the LON-CAPA problems are delivered in a mastery-based format. With multiple attempts allowed and instructor-assistance encouraged, sufficiently motivated students can realistically expect to get full credit for all problems. These results indicate that students may be taking advantage of the mastery-based nature of the LON-CAPA problems to complete correctly a higher percentage of the LON-CAPA problems than for the conventionally graded HW. The grand average for all LON-CAPA HW% over all courses except PLSC 331 was about 83.22 -not significantly different from the value for BREG 312 by itself.
The situation for PLSC 331 was markedly different. Students in this class scored more highly on the conventional HW problems than on the LON-CAPA problems by 83.06% to73.20%, respectively. Other than the small sample size, the difference might be explained by the characteristics of the students in this class. All students in PLSC 331 were Landscape Horticulture and Design majors, most of whom were not strong mathematically. Since most of the LON-CAPA problems were computationally oriented, these students may have been more comfortable and persistent with hand-graded assignments that tended to be more visual and qualitative. Students in the other classes were predominately engineering technology or engineering students, the large majority of whom were numerate.
The explanation for the difference between the LON-CAPA and conventional HW regression models can, perhaps, be mostly explained by the mastery-based format. Many students who did not get all the LON-CAPA problems correct would still have spent a considerable amount of time-on-task working with the material -probably because of the immediate feedback and the multiple attempts allowed. Many persisted in working on the problems and interacting with the instructor until the problems were solved. In contrast, students did not know if they had done conventional hand-graded HW correctly until it had been graded and returned. Even then, many students may not have bothered to examine the corrected HW to determine what they did wrong.
The additional time-on-task engaged in problem solving that was encouraged by the masterybased approach on average had benefits that were manifest in somewhat higher exam scores regardless of how many HW problems were ultimately left incorrect. This mechanism is revealed statistically by the larger positive constant in the linear regression equations for LON-CAPA vs. conventional hand-graded HW data from BREG 312. With average scores on the LON-CAPA HW problems higher than those for conventionally graded HW problems, a larger regression constant, and an upper limit on the exam scores response variable of 100%, the smaller slope of Page 26.37.15 the regression line for the exam score vs. LON-CAPA data becomes inevitable. This same mechanism would no doubt occur in any course where a mastery-based approach was used.
Summary and Conclusions
Heteroscedasticity of model variances was found among the courses, so the data could not be aggregated across courses but needed to be examined on a course-by-course basis. Significant positive linear relationships between exam scores and HW% were obtained for four of the six courses examined. For one of the other two courses, PLSC 331, the relationships would be significant for α = 0.10. Through comparison of the results for BREG 312, for which both conventional hand-graded HW and LON-CAPA HW data were available, it was determined that the effects of the two HW formats are different. Specifically, the mastery-based nature of the LON-CAPA HW problems imparts a boost to average exam scores, perhaps by encouraging students to be more persistent in working the problems and thus to be more engaged with the material. This effect is manifest in a larger regression constant for the exam score vs. LON-CAPA HW% data for BREG 312.
